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(54) CATALYSTS FOR THE POLYMERIZATION OF OLEFINS, PROCESS FOR THE PRODUCTION 
OF OLEFIN POLYMERS, AND PROCESSES FOR THE PRODUCTION OF STYRENE 
POLYMERS 

(57) Provided are a catalyst for polymerizing olef inic 
monomers, which comprises (a) a transition metal com- 
pound, (b) at least one member selected from clay, clay 
minerals and ion-exchanging layered compounds, (c) a 
silane compound, and optionally (d) an alkylating agent; 
a catalyst for polymerizing olefinic monomers, which 
comprises (a) a transition metal compound, (b) at least 
one member selected from clay, clay minerals and ion- 
exchanging layered compounds, (c) a silane compound, 
and optionally (e) an organic aluminum compound, and 
further optionally (d) an alkylating agent; and a method 
for producing olefinic polymers or styrenic polymers, 
which comprises homopolymerizing or copolymerizing 
olefinic or styrenic monomers in the presence of the cat- 
alyst for polymerizing olefinic monomers. The method 
does not require a large amount of aluminoxane, and 
the catalyst to be used therein has high polymerization 
activity. Using the catalyst, olefinic polymers and sty- 
renic polymers having high stereospecificity are 
obtained. The amount of the metallic component 
remaining in the polymers produced is small, and the 
polymers have high quality. As being highly efficient, the 
method is favorable to industrial use. 
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Description 
jpr.MMiHAL FIELD 



an olef inic polymer or 
an olef inic polymer and a styrenic polymer 
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minoxane lor polymerizing olefins in the presence of the cately^toproa Qf ugng n a 

^n Sd-Open (J>-A) Sho-58-019309. ^^SoJS!^^ ™ comprises a titanium or vanadium 
Stalyst is better than a method of "^ESS activity per the transition metal in the former 
compound and an organic aluminium compound since the p«ym distributl on. 
is extremely high and since the former produces polymers n^ngana f ^ st ^ composes cat- 

oS] Mother method has been proposed for PjJJ^^^SS aluminium compound as carried on 
Sytic components of a transition metal ' iaa ^^ A 'S^Skw. Hei-1 -101303, etc.). However, in order that 

aiTinorganic oxide such as silica, alumina or the like (JP A Show n iu ^ ap ^.^ne 

with organic aluminium compounds, 

expensive and dangerous. In addition, the i methoa is ^rou products is large. 

sSsfactory and the amount of the when styrenic polymers are produced aoxnftno 

[0005] In particular, the additional problem with the memoa is . ^ other olefins according to rt. 

tothe method, the catalyst activity per aluminium is problems noted above, and its object is to provide 

TOM r The present invention has been made in ^^^^^^ateTstyrenic polymers having a stereospecif- 
Sern and inexpens^e method for p^ 

ically-controlled syndiotactic structure. The method is ^racte^zec i oy « ^ . g dangerous ^ 

amount of methylaluminoxane » 
thich is therefore not easy to handle. In addition, in «^S^STlhe metal component that may remain in the pol- 

PITI QSJ IRF ™ TUF IMVENTION 
M y ■ ™;r4oethe followina: 
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cifically. the invention provides the following: 

u- u ^m™^ <a^ a transition metal compound, (b) at least 

(1) Acatalystfor polymerizing o.efinic monomer . «M ^^^Uconpounds. and (c) a silane compound, 
one member selected from clay, clay r^^^HffiS^ contains (d) an alkylating agent 

(2) The catalyst for polymerizing olefimc "^^^J^, (a ) a transition metal compound, (b) at .east 

(e) an organic aluminum compound. contains (d) an alkylating agent. 



55 



resented by a general formula: 

R n SiX 4 .n 



dta riirpctlv bonding to Si is carbon, silicon or hydro- 
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gen; plural Rs and X's, if any, may be the same or different ones, respectively; and n represents 1 , 2 or 3. 

(6) The catalyst for polymerizing olefinic monomers of (5), wherein n is 1 or 2. 

(7) A method for producing olefinic polymers, which comprises homopolymerizing or copolymerizing olefinic mon- 
omers in the presence of the catalyst of any one of (1) to (6). 

5 (8) A method for producing styrenic polymers, which comprises homopolymerizing or copolymerizing styrenic mon- 

omers in the presence of the catalyst of any one of (1) to (6). 

BEST MODES OF CARRYING OUT THE INVENTION 

10 [0008] Embodiments of carrying out the invention are described in detail hereinunder. 

1 . Constituent components for the catalyst for polymerizing olefinic monomers: 

Transition metal compounds for component (a): 

75 

[0009] Various type of transition metal compounds are usable as the component (a) in the invention, for which, how- 
ever, preferred are compounds of transition metals of Groups IV to VI of the Periodic Table and those of Group VIII. In 
view of their activity, especially preferred are compounds of transition metals of Groups IV to VI of the following general 
formula (1) to (3); and those of Group VIII of the following general formula (4)/ 

20 

Q 1 a(C 5 H 5 . a . b R 1 b )(C 5 H 5 . a . c R 2 c )M 1 X 1 p Y 1 q (1) 
Q 2 a(C 5 H^ a _dR 3 d )Z 1 M 1 X 1 p Y 1 q (2) 
25 M 1 X 2 r (3) 

L 1 L 2 M 2 X 1 p Y 1 q (4) 

wherein Q 1 represents a bonding group that crosslinks the two conjugated, 5-membered cyclic ligands (C 5 H 5 . a . b R 1 b ) 

30 and (C 5 H5_ a _ c R 2 c ); Q 2 represents a bonding group that crosslinks the conjugated, 5-membered cyclic ligand (C 5 H5_ a _ 
d R 3 d) and the group Z 1 ; R 1 , R 2 and R 3 each represent a hydrocarbon group, a halogenatom, an alkoxy group, a silicon- 
containing hydrocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group, 
or a boron-containing hydrocarbon group; a represents 0, 1 or 2; b, c and d each represent an integer of from 0 to 5 
when a = 0, or an integer of from 0 to 4 when a = 1, or a integer of from 0 to 3 when a = 2; (p + q) equals the valence 

35 number of M 1 minus 2; r equals the valence number of M 1 ; M 1 represents a transition metal of Groups IV to VI of the 
Periodic Table; M 2 represents a transition metal of Group VIII of the Periodic Table; L 1 and L 2 each represent a coordi- 
nation-bonding ligand; X 1 , Y 1 and Z 1 each represent a covalent-bonding or ionic-bonding ligand; X 2 represents a cov- 
alent-bonding ligand; and L 1 , L 2 , X 1 and Y 1 may be bonded to each other to form a cyclic structure. 
[0010] Specific examples of Q 1 and Q 2 include (1) an alkylene group having from 1 to 4 carbon atoms, or a 

40 cycloalkylene group, or the group substituted by a lower alkyl or phenyl group at its side chain, such as a methylene 
group, an ethylene group, an isopropylene group, a methylphenylmethylene group, a diphenylmethylene group, a 
cyclohexylene group, etc.; (2) a silylene group, or an oligosilylene group, or the group substituted by a lower alkyl or 
phenyl group at its side chain, such as a silylene group, a dimethylsilylene group, a methylphenylsilylene group, a diphe- 
nylsilylene group, a disilylene group, a tetramethyldi silylene group, etc.; and (3) a hydrocarbon group [e.g., a lower alkyl 

45 group, a phenyl group, a hydrocarbyloxy group (preferably, a lower alkoxy group), etc.] containing germanium, phospho- 
rus, nitrogen, boron or aluminium, such as a (CH 3 ) 2 Ge group, a (C 6 H 5 ) 2 Ge group, a (CH 3 ) 2 P group, a (C 6 H 5 ) 2 P group, 
a (C 4 H 9 )N group, a (C 6 H 5 )N group, a (CH 3 )B group, a (C 4 H 9 )B group, a (C 6 H 5 )B group, a (C 6 H 5 )AI group, a (CH 3 0)AI 
group, etc. Of those, preferred are alkylene groups and silylene groups in view of the activity of the intended catalysts. 
(C 5 H5_ a _ b R 1 b ), (C 5 H5. a . c R 2 c ) and (C 5 H5_ a . d R 3 d ) are conjugated, 5-membered cyclic ligands, in which R 1 , R 2 and R 3 

so each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing hydrocarbon group, a phos- 
phorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group, or a boron-containing hydrocarbon 
group; a represents 0, 1 or 2; and b, c and d each represent an integer of from 0 to 5 when a = 0, or an integer of from 
0 to 4 when a = 1, or a integer of from 0 to 3 when a = 2. The hydrocarbon group preferably has from 1 to 20 carbon 
atoms, more preferably from 1 to 12 carbon atoms. The hydrocarbon group may be a mono-valent one that bonds to 

55 the cyclopentadienyl group of a conjugated. 5-membered cyclic group. Two of plural hydrocarbon groups, if any. may be 
bonded to each other to form a cyclic structure along with a part of the cyclopentadienyl group. Specific examples of 
those conjugated, 5-membered cyclic ligands are substituted or unsubstituted cyclopentadienyl group, indenyl groups 
and fluorenyl groups. The halogen atom includes chlorine, bromine, iodine and fluorine atoms. The alkoxy group pref- 
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and (C 5 H 5 a . c R 2 c ) may be the same or different ones. indudlng. for example, trta- 

11 J? eoresents a transition metal element of Groups V to An of the Penoo ^ zirconium 

Tm zir^niumSnium. vanadium, niobium, J^^S^ 'igand. including, tor 
SUSum in view of the activity of ^^S^jSJ^LU 9-p havmgfrom 1 to 20. prefer^ 
examole a halogen atom, an oxygen atom (-0-), a sum*aw i ' fr , t0 12 ato ms. a nitrogen 

ST? to 10 camon atoms, a thioalkoxy group having rom 1 to 20 pn« a V ^ & phosphorus . C onta,n.ng 

S£E2ig from 1 to 20. preferably from 1 to 10, ^f%£*%?i to P 10 carbon atoms, a Pn^orus^o"- 
5 to 10 carbon atoms, an amino group having from 1 to ^^^^ atoms (e.g.. a diphenylphosph.ne group. 
JninShTdrocamon group having from 1 to 20 fT^^^SSStam 1 to 12 carbon atoms (e.g a tnmetlv 
Sc a^icon-containing hydrocarbon group group with from 1 to 20. preferably from 1 to 

compounds. m 
bered cyclic ligands, such as b«to ck **^^S 

bis(tetramethylcyclopentadienyl)trtan.um id f °"^Sanium dichloride, bistfluorenyDtrtanium dchto- 
bis n-butylcyclopentadienyl)ttan.um d.chlor.de b '^.JS^ienyl^ethyttitanium chloride. b.s(cyclopen- 
rioT biSyclopentadienyOtitanium * to ^ d ^SSSSn iU m chloride. bis(cyc.openta- 
tedienyletoyltitanium chloride. b '5^^SS,„ to(c y clopentadienyl)dineoperityhrtanium. 
dtSmethyltitanium. bis(cyclo P er*ad;enyO dichloride. (cyclopentadienyl) flu- 

D StoP^eny1)dihydrotitanium. C^^KS. bis(methy»cyclopen1adieny.)z,rcon|um 
orenyDtitanium dichloride, bis(cyclopentad.enyl)z,rcon.um 

ride,W^^ 

ride bis n-bulylcydopentadieny.^^ chlonde, 

(fluorenyl) zirconium dichloride, etc ^ 5-membered cydic ligands. in which the twoj.gands 

H Transition meta. compounds havmg ^'^^^enylititanium dichloride. ethyleneb,s(.nde- 
are crosslinked with an alkylene group, such as ineiwen" v » lenebis( i n d e nyl)methyltitan.um chlo- 
ny!)Sum dichloride. methylenebisOndenyDtrtamum ^^^^1 diethoxide. ethylene- 

7de ^ 

S inden^imethyltHanium, ^^S^SSL^^ *Nori* ^enefc4s(2-m^- 
indenyl)titanium dichloride. ^^^^ ^^.^g^gJg 4-dimethyl-5,6,7-trihydroindenyl)tftanium dichloride, 
methylsilylindenyDtrtanium dichlor.de J^Sgd opent ad1enyl)titanium dichloride. ethylene 2-methyl- 
ethylene^-dimethyl^^ 

4+butylcyclopentadienyl)(3'-t-buty^^ j Sop ropylidenebis(2-methy1.ndenyl)trta- 
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n^tt>>iene<cyc»op€ntadienyl)(3,4-dimethylcyclopentadienyl)tte dichloride, methylene(cyclopentadi- 

en/i)(3 4<jimethylcyclopentadienyl)titanium chlorohydride, methylene(cyciopentadieny!)(3,4-dimethylcy- 
cicpentadienyi^methyltitanium, methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyl)diphenylt- 
aden/i)(:etramemylcyclopentadienyl)-titanium dichloride, isopropyfidene(cycloperrtadienyl)(3,4-dimethylcy- 
cicpentadienyijmanium dichloride, isopropylidene(cycIopentadienyl)(2,3,4,5-tetramethylcyc!opentadienyl)tita- 
mum cacMOfOe. isopropylidene(cyclopentadienyl)(3-methylirKJenyl)titanium dichloride, isopropylidene(cyclo- 
peaiadteoyi)(tiuorenyt)titanium dichloride, isopropylidene(2-methylcyclopentadienyl)(fluorenyI)titanium dichlo- 
ride. isoprcpyijdenetZ.S^imethylcyclopentadienyOfS^-dimethylcyclopentad^ dichloride, isopro- 
pyWene<2.5-<Jimethytcyclopentadienyl)(fluorenyl)titaniurn dichloride, ethylene(cyclopentadienyl)(3,5- 
cJirrieirTyk:ycJopentadienyl)titanium dichloride, ethylene(cyclopentadienyl)(fluorenyl)titanium dichloride, ethyl- 
efM2.5^niethylcydopentadienyl)(fluorenyl)titanium dichloride, ethylene(2,5-diethylcyclopentadienyl)(fluore- 
nyf)tiunwm dichloride, diphenylmethylene(cyclopentadienyl)(3,4<iiethylcyclopentadienyl)titanium dichloride, 
dc>^V^etnyiene(cycloperrtadienyl)(3 f 4-diethylcycloper^ dichloride, cyclohexyli- 
deoe<cyciop«ntad»enyl) (fluorenyl)titanium dichloride, cyclohexylidene(2,5-dimethylcyclopentadienyl)(3 , ,4'- 
dimcrVcyciopontadienyl)titanium dichloride, methyl enebis(indenyl)zirconium dichloride, ethyl enebis(inde- 
nyi)zttoor*jm dicMonde. methylenebis(indenyl)zirconium chlorohydride, ethyl enebis(indenyl)methylzirconium 
chn>*te «trV« n e*>«( ,f Klenyl)methoxychlorozirconium, ethylenebis(indenyl)zirconium diethoxide, ethyl- 
enet»s<«xJ«oyi)difr»ethyt2irconiurn, ethylenebis(4 f 5,6 f 7-tetrahydroindenyl)zirconium dichloride, ethyl enebis(2- 
metti>farrt*c^)7ircoruum dichloride, ethyl enebis(2,4-dimethylindenyl)zirconium dichloride, ethyl enebi s(2- 
methyi-4 tfwTv»ihy*siiy<indenyl)zirconium dichloride. ethylenebis(2,4<limethyl-5,6,7-trihydroindenyl)zirconium 
dicWorrl* «m y 4ene<2.4<limethytcyclopentadienyl)(3\5 , <K^ dichloride, ethyl- 
ene^ -m*my^t^yk:yciopentadienyl)(^^ dichloride. ethyl- 
ene{2.3 . 5- tr >methyk:ydopentadienyl)(2 , ,4\ 5'-trimethylcydopentadienyl)zirconium dichloride, 
isopropytoeoebis(2 methyiindenyl)zirconium dichloride, isopropylidenebis(indenyl)zirconiurn dichloride, iso- 
propyic»enebis(2.4^ifTiethylirxlenyl)zirconium dichloride, isopropylidene(2,4-dimethylcyclopentadienyl)(3^5 , - 
dimemy*cycx)pentadienyl)zirconium dichloride, isopropylidene(2-methyl-4-t-butylcyclopentadienyl)(3 , -t-butyl- 
5'-rne!hy4cyciopentadienyl)zirconium dichloride, methylenefcyclopentadienyOfS^'-dimethylcyclopentadi- 
enyl)arcomum cichloride, methylene(cyclopentadienyl)(3,4-dimethylcyclopentadienyi)zirconium chlorohy- 
dride. methyiene(cyclopentadienyl)(3,4<iimethylcyclopentadienyl)dimethyIzirc^ methylene(cyclo- 
pentadierryt)(3.4^methylcyclopentadienyl)diphenylzirconium, methylene(cydopentadienyl)(trimethylcy- 
clopentad»enyl)-Z!rconium dichloride, methylene(cyclopentadienyl)(tetramethylcydopentadienyl)-zirconium 
dichlorde. isopropylidene(cyclopemadienyl)(3,4-dimethylcydopentadienyl)zirconium dichloride, isopropyli- 
dene(c^topentadjenyl)(2,3 l 4,5-tetramethylK;yclopentadienyl)zirconium dichloride, isopropylidene(cyclopenta- 
dienyl)(3-metf^lindenyl)zirconium dichloride, isopropylidene(cydopentadienyl)(fluorenyl)zirconium dichloride, 
isopropyWene(2-methylcydopentadienyl)(fluorenyl)zirconium dichloride, isopropyiidene(2,5-dimethylcy- 
clopemadienyl)3.4<jimethylcyclopentadienyl)zirconium dichloride, isopropylidene(2,5-dimethylcydopentadi- 
enyl)(fluorenyf)zirconium dichloride, ethylene(cyclopentadienyl)(3,5<limethylcyclopentadienyl)zirconium 
dichloride. ethyl ene(cyclopentadienyl)(fluorenyl)zirconium dichloride, ethylene(2,5-dimethylcydopentadi- 
enyl)(fluoienyt)zirconium dichloride, ethylene(2,5<liethylcyclopertadienyl)(fluoreny0zirconium dichloride, 
diphenylmethy«ene(cyclopemadienyl)(3,4-diethylcyclopentadienyl)zircx)n dichloride, diphenyimethyl- 
ene(cydopentadienyl)(3,4-diethylcydopentadienyl)zirconium dichloride, cyclohexylidene(cydopentadi- 
enyl)(fluoreny!)zirconium dichloride, cyclohexylidene(2,5<limethylcycloperrtadieriyl)(3\4 , <iimethyl- 
cyclopentadieny1)zirconium dichloride, methylenebis(indeny I) hafnium dichloride, ethylenebis(indenyl)hafnium 
dichloride. methylenebis(indenyl)hafnium chlorohydride, ethylenebis(indenyl)methylhafnium chloride, ethyl- 
enebis^rxienyljmethoxychlorohafnium, ethyl enebis(indenyl)hafnium diethoxide, ethylenebis(i ndenyl)dim ethyl - 
hafnium. ethylenebts(indeny1)dimethyl hafnium, ethylenebts(4,5,6,7-tetrahydroindenyl)hafnium dichloride, 
ethylenebis(2-methylindenyl)hafnium dichloride, ethylenebis(2,4-dimethylindenyl)hafnium dichloride, ethyl- 
enebis(2-methyf-4-trimethylsilylindenyl)hafnium dichloride, ethyienebis(2,4-dimethyl-5,6,7-trihydroindenyl)haf- 
nium dichloride. ethyl ene(2.4-dimethylcyclopentadienyl)(3',5 , -dimethylcycloperrtadienyi)hafni urn dichloride, 
ethylene(2-methyl-4-t-butylcyclopentadieny0^ dichloride, ethyl- 
ene(2.3.5-trirnethylcydopentadienyl)(2',4',5'-trimethylcyclopentadienyl)hafnium dichloride, isopropyli- 
denebis(2-methylindenyl)hafnium dichloride, isopropylidenebis(indenyl)hafnium dichloride, 
isopropybdenebis(2,4-dimethylindenyl)hafnium dichloride, isopropylidene(2,4-dimethylcyclopentadienyl)(3\5'- 
dimethylcycloperrtadienyl)hafnium dichloride, isopropylidene(2-methyl-4-t-butylcyclopentadienyl)(3 , -t-butyl-5 , - 
methylcyclopentadienyl)hafnium dichloride, methyl ene(cyclopentadienyl) (3, 4-dimethylcyclopentadienyl)haf- 
nium dichloride. methyl en e(cyclopentadienyl) (3 ,4-di methyl cyclopentadienyl) hafnium chlorohydride, methyl- 
ene(cydopentadienyl)(3.4-dimethylcyclopentadienyl)dimethylhafnium, methylene(cyclopentadienyl)(3,4- 
dimethylcyclopentadienyl)diphenylhafnium, methylene(cyciopentadienyl)(trimethylcyclopentadienyl)-hafnium 



EP 0 945 471 A1 



dichloride, methy.ene(cy^^^ 

e ny1)(2.3.4,54etramethy1c y doi.entad.e n yDh^um °^ ieny ^ (f|lJOreny0ha iniu m dichlonde. .sopr<*yl.- 
methylindenyDhafnium dichloride. '^S'^^SSde sopropyl dene(2.5^imethylcyclopeytad.- 
dene(2-methylcyclopentadienyl)(fluorenyl)hafn,um ^tonde, sq^py. 5Kjimethylcyc , 0 pen a- 
enyl) 3.4-dimethylcydopentadieny.)hafn.um 5 . dime ^ y ,cyclopentadienyl)hafnium d.chlo- 

orenyl)ha<nium dicWonae, w 

pervtadienyl)hafnium dichloride, etc. rmsslin ked conjugated. 5-merrtoered cyclic ligands, such 

pi Transition metal compounds having two a' y ^ 

« dimethylsilylenebis(indenyl)t.tan,um d.chlo de _ y dime ihylsilyienebis(2.4<limethyl.nde. 

dichloride. dimethylsilylenebis(2<nethyl.n^^ 

JCnium dichlonde. d -*^^ dimethyl S i«yien^2- 
nLm dichloride, dimetrTylsilyleneb,s^ d.chlonde, 
methy.^naphtylindenyDtiianium d,ch.onde ^^'TJ^yS^A.S.SJ-X^moM^^ 
ph e nylmethylsilylenebis(indenyl)t.tan.um ^"^.^S^L dichloride. phenylmethyls,lylene(2 4- 
Lm'dichloride. Ph°" ylm * hyi ?^ dichloride, P heny.methylsi.y. e ne(2 3 5-tn- 

dimethylcyclopenta^^^^^ 
me thylcyclo pe ntadienyl)(2 

ethylcydopentadienyDtitamum d.chlo rie d. P"^ S y sil/enebis(2 . methy iindenyl)titan.um d.chtonde. 
di P henylsilylenebis(indenvl)t.tan.um d.chlonde^ °^ y ^ 

tetramethyldis^^ 

ride,tetramethyldisilylene(3-methylcydopentad.eny1)^ dimet hyl S ilylene(cyclopentadienyl)(tr.methyl- 
dieny.)(3.4^imethylcyc^^^ 

cyclopentadienyl)titanium dichlor.de, ^^'f^SSopentadienyJtitanium dichloride, d.mettyls.- 
Wide. dimethylsilylene(cyclopentad^^ 

ryLe(cyclopentadieny.)(triethylcyc.ope^ dichlonde. 

ethylc JopentadienyDtitanium dimethylsilylene^yclopentad, 
c^etnylsi.^^ 

enyl)(octahydrofluorenyl)trtan.um d.chlor.de, d ,m ewy«s ^ ^ . jum dichl0 ride, dimethyls.lylene(2- 
Soride. dimethylsilylene(2.5-tf.methylcyclopen^ 

e£ylcyc.opentadieny^^ dich.or.de. 

nyljtiJnium dichloride. diethyls'lylene(2-meth^ dicnloride , dim ethyte.lylene(2- 

d^ethylsiiylene(2.5-dimethy1cyd< V entad.en)J 27* t butynu i y ylen e(diethylcyclopentad.- 

^ y .cyclopentadienyl)(2',7^ 

eniiT^i-t-butyllluorenyOtrtanium dichlonde. dimeth " 

Sumdiohlor^ 
ylsilylen^ethylcydopen^^ 

enyl)(octahydrofluoren y 1)titan.um dichlonde, y y dime th y isilylenebis(2-methyl.ndenyl)z.rco- 

Shy.silylenebis(4.5.6.7-telrahyd 

n ium dLloride. dimeth y lsilylenebis(2.4<i.mjhyl.nde^ d imethylsilylenebis(2-methy.-4 5- 
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isil lene(3^ethylcyc^ 
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ride, dimethyisilylene(cyclopentadienyl) (3,4-diethylcyclopentadienyl)zirconium dichloride, 

dimethylsilylene(cyclopentadienyl)(triethylcyclopentadienyl) zirconium dichloride, dirnethylsilylene(cyciopenta- 
dienyl)(tetraethylcyclopentadienyl)zirconium dichloride, dimethylsilylene(cyclopentadienyi)(fluorenyl)zirconium 
dichloride, dimethylsilylene(cyclopentadienyl)(27-di-t-butylfluorenyl)zirconium dichloride. dimethylsi- 
lylene(cyclopentadienyl)(octahydrofluorenyl)zirconium dichloride, dimethylsilylene(2-methylcyclopentadi- 
enyl)(fluorenyl)zirconium dichloride, dimethylsilylene(2,5-dimethylcyclopentadienyl)(fluorenyl)zirconium 
dichloride, dimethylsilylene(2-ethylcyclopentadienyl)(fluorenyl)zirconium dichloride, dimethylsilylene(2,5- 
diethylcyclopentadienyl)(fluorenyl)zirconium dichloride, diethylsilylene(2-methylcyclopentadienyl)(2',7'-di-t- 
butylfluorenyl)zirconium dichloride, dimethylsilylene(2,5<Jimethylcyc 

conium dichloride, dimethylsilylene(2-ethylcyclopentadienyl)(2\7'^ dichloride, 
dimethylsilylene(diethylcydopentadienyl)(2,7<Ji-t-butylfluorenyl)zira)nium dichloride, dimethylsilylene(methyl- 
cyclopentadienyl)(octahydrofluorenyl) zirconium dichloride, dimethylsilylene(dimethylcyclopentadi- 
enyl)(octahydrofluorenyl)zirconium cfichloride, dimethylsilylene(ethylcyclopentadienyl)(octahydro- 
fluorenyl)zirconium dichloride, dimethylsilylene(diethylcyclopentadienyl)(octahydro-fluorenyl)zirconium dichlo- 
ride, dimethylsilylenebis(indenyl)hafnium dichloride, dime1hylsilylenebis(4,5 t 6,7-tetrahydroindenyl)hafnium 
dichloride, dimethylsilylenebis(2-methylindeny I) hafnium dichloride, dimethylsilylenebis(2,4<iim ethyl inde- 
nyl)hafnium dichloride, dimethylsilylenebis{2,4-dimethytcyclopentadienyl){3 , ,5*- dimethyicyclopentadienyl)haf- 
nium dichloride, dimethylsilylenebis(2-methyl-4,5-benzoindenyl) hafnium dichloride, dimethylsilylenebis(2- 
methyl-4-naphtylindenyl)hafnium dichloride, dimethylsilylenebis(2-methyl-4-pher^indenyl)hafnium dichloride, 
phenylmethylsilylenebis(indenyl)hafnium dichloride, phenylmethylsilylenebis(4,5,6,7-tetrahydroindenyI)haf- 
nium dichloride, phenylmethylsilylenebis(2,4-dimethylindenyl)hafnium dichloride, phenyimethylsilylene(2,4- 
dimethylcyclopentadienyl) (3\5'-dimethylcyclopentadienyl)hafnium dichloride, phenylmethylsilylene(2,3,5-tri- 
methylcyclopentadienyl)(2 , .4',5'-trimethylcycloperrtadienyl)hafnium dichloride, phenylmethylsilylenebis(tetram- 
ethylcyclopentadienyl)hafnium dichloride, diphenylsilylenebis(2,4-dimethylindenyl)hafnium dichloride, 
diphenylsilyienebis(indenyl)hafnium dichloride, diphenylsilylenebis(2-m ethyl indenyl)hafnium dichloride, 
tetramethyldisilylenebis(indeny1)hafnium dichloride, tetramethyldisilylenebis(cyclopentadienyl)hafnium dichlo- 
ride, tetramethyldisilylene(3-methylcyclopentadienyl)(indenyl)hafnium dichloride, dimethylsilylene(cyclopenta- 
dienyl)(3,4-dimethylcyclopentadienyl)hafnium dichloride, dimethylsilylene(cyclopentadienyl)(tri- 

methylcyclopentadienyl)hafnium dichloride, dimethylsilylene(cyclopentadienyl)(tetramethylcyclopentadi- 
enyl)hafnium dichloride, dimethylsilylene(cyclopentadienyl)(3,4-diethylcyclopentadienyl)hafnium dichloride, 
dimethylsilylene(cyclopentadienyl)(triethylcyclopentadienyl) hafnium dichloride, dimethylsilylene(cyclopentadi- 
enyl)(tetra-ethylcyclopentadienyl)hafnium dichloride, dimethylsilylene(cyclopentadienyl)(fluorenyl)hafnium 
dichloride, dimethylsilylene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)hafnium dichloride, dimethylsi- 
lylene(cyclopentadienyl)(octahydrofluorenyl)hafnium dichloride. dimethylsilylene(2-methylcyclopentadi- 
enyl)(fluorenyl)hafnium dichloride, dimethylsilylene(2.5-dimethylcyclopentadienyl)(fluorenyl)hafnium 
dichloride, dimethylsiiylene(2-ethylcyclopentadienyl)(fluorenyl)hafnium dichloride, dimethylsilylene(2,5-diethyl- 
cyclopentadieny!)(fluorenyl)hafnium dichloride, diethylsilylene(2-methylcyclopentadienyl)(2',7'-di-t-butylfluore- 
nyl)hafnium dichloride, dimethylsilylene(2,5-dimethylcyclopentadienyl)(2',7-di-t-butylfluorenyl)hafnium 
dichloride, dimethylsilylene(2-ethylcyclopentadienyl)(2',7'-di-t-butylfluorenyl)hafnium dichloride, dimethylsi- 
lylene(diethylcyclopentadienyl)(2,7-di-t-butylfluorenyl)hafnium dichloride, dimethylsilylene(rnethylcyclopenta- 
dienyl)(octahydrofluorenyl) hafnium dichloride, dimethylsilylene(dirnethylcyclopenta- 

dienyl)(octahydrofluorenyl)hafnium dichloride, dimethylsi!ylene(ethylcyclopentadienyl)(oc1ahydrofluorenyl)haf- 
nium dichloride, dimethylsilylene(diethylcyclopentadienyl)(octahydrofluorenyl)hafnium dichloride, etc. 
[4] Transition metal compounds having two conjugated, 5-membered cyclic ligands, in which the two ligands 
are crosslinked with a germanium-, aluminium-, boron-, phosphorus- or nitrogen-containing hydrocarbon 
group, such as dimethylgermylenebis(indenyl)titanium dichloride, dimethylgermylene(cyclopentadienyi)(f luore- 
nyl)titanium dichloride, methylalumylenebis(indenyl)titanium dichloride, phenylalumylenebis(indenyl)titanium 
dichloride, phenylphosphylenebis(indenyl)titanium dichloride, ethylborylenebis(indenyl)trtanium dichloride, 
phenylalumylenebis(indenyl)titanium dichloride, phenylalumylene(cyclopentadienyl)(fluorenyl)titanium dichlo- 
ride, dimethylgermylenebis(indenyl)zirconium dichloride, dimethylgermylene(cyclopentadienyl)(fluorenyl)zir- 
conium dichloride, methylalumylenebis(indenyl)zirconium dichloride. phenylalumylenebis(indenyl)zirconium 
dichloride. phenylphosphylenebis(indenyt)zirconium dichloride, ethylborylenebis(indenyl)zirconium dichloride. 
phenylalumylenebis(indenyl)zirconium dichloride, phenylalumylene(cyclopentadienyl)(fluorenyl)zirconium 
dichloride. dimethylgermylenebis(indenyl)hafnium dichloride. dimethylgermylene(cyclopentadienyl)(fluore- 
nyl)hafnium dichloride, methylalumylenebis(indenyl)hafnium dichloride, phenylalumylenebis(indenyl)hafnium 
dichloride, phenylphosphylenebis(indenyl)hafnium dichloride, ethylborylenebis(indenyl)hafnium dichloride, 
phenylalumylenebis(indenyl)hafnium dichloride, phenylalumylene(cyclopentadienyl)(fluorenyl)hafnium dichlo- 
ride. etc. 
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[5] Transrtion metal compounds having one conjugated. 5-membered cyclic ligand, such as pentamethytay- 
clopentad.enyi-b.s<phenyl)aminotitanium dichloride. indenyl-bis(phenyl)aminotitanium dichlor.de, pentamethyl- 
cyciopentad^nyi -b.s(tnmethylsilyl)aminotitanium dichloride. pentamethylcycloperitadienylphenoxytitanium 
d.cnioi<le dmethylsilylene(tetramethylcyclopentadienyl)-t-butylaminotitanium dichloride. aimethylsi- 
iylene-tetramethyicyclopentadienyl)phenylaminotitanium dichloride. dimethylsilylene(tetrahydroinde- 
nyodecyuminotrtan.um dichloride. dimethylsilylene(tetrahydroindenyl)-[bis(trimethy1sily1)amino]titan.um 
d.cnloe<ie o.methylgermylene-(tetramethy1cyclopentadienyl)pheny1aminotitanium dichloride. pentamethylcy- 
clopentad.enyttitan.um tr.methoxide. pentamethylcyclopentadienyltitanium trichloride, pentamethylcyclopenta- 
d.enyib«su^en/i)amino2irconium dichloride. indenyl-bis(phenyl)aminozirconium d.chlor.de, 
pentameinyicyclopentadienyl-bis(trimethylsilyl)aminozirconium dichloride, pentamethylcyclopentadienyl- 
phefw»y/..con.um dichloride. dimethylsilylene(tetramethylcyclopentadienyl)-t-butylam.noz.rcon.um dichloride, 
d.methy»i.V»en«<tetramethylcyclopentadienyl)phenylaminozirconium dichloride, dimethylsilylene(tetrahydroin- 
denyl)decy»aminc«.rconium dichloride. dimethylsilylene(tetrahydroindenyl)-tbis(trimethylsilyl)am.no]z.rcon.um 
d.ch»o«.d« c*methylgermvlene(tetramethylcyclopentadienyl)phenyiaminozirconium d.chlonde. pentamethylcy- 
clopentad.eoyt»con.um trimethoxide, pentamethylcyclopentadienylzirconium trichloride, pentamethylcy- 
clopemad.eoyf t»s<phenyl)aminohafnium dichloride. indenyl-bis(phenyl)aminohafn.um dichlor.de, 
pentameff>y»cyclopentad«nyt-bis(trimethylsilyl)aminohafnium dichloride. pentamethylcyclopentad.enyl- 
pheno.ytvrtmjm d.chlorde, dimethylsilylene(tetramethylcyclopentadienyl)-t-butylaminohafn.um dichloride, 
dimethy»s«iyi«n*-{tetramethylcyclopentadienyl)phenylaminohafnium dichloride, dimethylsilylene(tetrahydro.n- 
denyl^ytenwy^tmum dichloride. dimethylsilylene(tetrahydroindenyl)-[bis(trimethylsilyt)am.no]hafn.um 
dichlorrie tlKr^mytgerrnylene(tetramethylcyclopentadienyl)phenylaminohafnium d.chlor.de. pentamethylcy- 
clopenta*enyt*atroum tr.methoxide. pentamethylcyclopentadienylhafnium trichloride, etc. 
[6] Transiton metal compounds having two conjugated. 5-membered cyclic ligands in which the ligands are 
douMe-crosshnhod such as (l,l*-dimethylsilylene)(2,2-isopropylidene)-bis(cyclopentadienyl)t.tan.um dichlo- 
ride (1 1 <km«myls.lytene)(2.2 , -dimethylsilylene)-bis(cyclopentadienyl)trtanium dichloride. (1,V-dimethylsi- 
lylene)(2.2-.sopropylriene)-bis(cyclopentadienyl)dimethyltitanium. (l.r-dimethylsilylene)(2.2'- 
isopropyWeneJ-bi^cyclopentadienyDdibenzyltitanium. (1.r-dimethylsilylene)(2.2'-isopropyl.dene)- 
bis(cyclopentad.enyl)bis(trimethylsilyl)titanium. (1 ,r-dimethylsilylene)(2.2'-isopropylidene)-b.s(cydopentad.- 
enyl)b.s(tr«nethy1siylmethyl)titanium. (1 .2-dimethylsilylene)(2, 1 '-ethylene)-bis(indenyl)titanium d'chlonde, 
(1 i-dimethytsityteneX2.2-ethylene)-bis(indenyl)titanium dichloride. (1.1'-ethylene)(2.2--d.methyls.lylene)- 
bis(indenyl)t.tar*um dichloride. (1 .r-dimethylsilylene)(2,2 , -cyclohexylidene)-bis(indenyl)frtanium dichlc-r.de 
(1 r-dimethyt S( iylene)(2.2 , -isopropylidene)-bis(cyclopentadienyl)zirconium dichloride, (1 ,r-dimetnylsilylene) 
(2'2 , -dimethyls.lyiene)-bis(cyclopentadienyl)zirconium dichloride, (1 , 1 •-dimethylsilylene)(2.2 , -isopropylidene)- 
bis(cyclopentad.enyl)dimethylzirconium. (i.i^dimethylsilylene)(2.2-isopropylidene)-bis(cyclopentad.- 
enyl)dibenzylz.rconium. (i,r-dimetrtylsilylene)(2.2'-isoprcpylidene)-bis(cyclopertadienyl)bis(trimethyls.lyl)z.r- 
conium (1 i<»imetrtylsilylene)(2.2-isopropylidene)-bis(cyclopentarfie 

(1 2-dimethy1alylene){2.1-ethylene)-bis(indenyl)zirconium dichloride, (1,1'-dimethylsilylene)(2.2-ethylene)- 
bis(indenyl)z.rcon.um dichloride, (l.r-ethylene)(2,2'-dimethylsilylene)-bis(indenyl)zirconium dichloride. (1.T- 
dimethyls.lytene)(2.2 -cyclohexylidene)-bis(indenyl)zirconium dichloride. (1 , 1 •dimethylsilylene)(2.2'-.sopropyli- 
dene)-bis{cyclopentadienyl)hafnium dichloride. (1 .1 -dimethylsilylene)(2.2--dimethylsilylene)-bis(cyclopentadi- 
enyl)hafnium dichloride, (1 . v-dimethylsilylene)(2.2--isopropylidene)-bis(cyclopentadienyl)dimethylhafn.um, 
(1 1 •-dimethylsiiylene)(2.2 , -isopropylidene)-bis(cyclopentadienyl)dibenzylhafnium, (1 .1 -dimethylsitylene)(2,2 - 
isopropylidene)-bis(cyclopentadienyl)bis(trimethylsilyl)haf nium. (1 . 1 '-dimethylsilylene)(2,2--.sopropyl.dene)- 
bisCcyclopentadienyDbisdrimethylsilylmethylJhafnium, (1.2'-dimethylsilylene)(2.1'-ethylene)-bis(.ndenyl)haf- 
nium dichlorrte. (1.V-dimethylsilylene)(2.2-ethylene)-bis(indenyl)hafnium dichloride. ( 1 ,1'-ethylene)(2,2 - 
dimethylsilylene)-b.s<indenyl)hafnium dichloride. (1 ,1 •-dimethylsilylene)(2,2'-cyclohexylidene)-bis(.ndenyl)haf- 
nium dichlor.de. etc. 

[71 Derivatives from compounds of [1] to [6] noted above, which are produced by substituting the chlorine 
atoms in those compounds of [1] to [6] with any of a bromine atom, an iodine atom, a hydrogen atom, a methyl 
group, a phenyl group, a benzyl group, a methoxy group, a dimethylamino group and the like. 
[8] Of the compounds of [1] to [7] noted above, transition metal compounds having one conjugated. 5-mem- 
bered cyclic hgand described in [5] are particularly preferred in producing styrenic polymers. 

(II) As specific examples of the transition metal compounds of formula (3). mentioned arethe following compounds. 
Tetra-n-butoxytitan.um. tetra-i-propoxytitanium. tetraphenoxytitanium, tetracresoxytitanium. tetrachlorotrtamum. tet- 
rakis(diethylamino)trtanium. tetrabromotitanium, as well as their derivatives as produced by substituting the tita- 
nium atom in those compounds with zirconium or hafnium. Of those transition metal compounds, preferred are 
alkoxytitanium compounds, alkoxyzirconium compounds, and alkoxyhafnium compounds. 
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(III) In the transition metal compounds of formula (4) t M 2 represents a transition metal of Group (VIII) of the Periodic 
Table. Concretely, it includes iron, cobalt, nickel, palladium, platinum, etc. Of those, preferred are nickel and palla- 
dium. L 1 and L 2 each represents a coordination-bonding ligand; and X 1 and Y 1 each represent a covalent-bonding 
or ionic-bonding ligand. As mentioned hereinabove, X 1 and Y 1 include, for example, a hydrogen atom, a halogen 

5 atom, a hydrocarbon atom having from 1 to 20, preferably from 1 to 10 carbon atoms, an alkoxy group having from 

1 to 20, preferably from 1 to 10 carbon atoms, an amino group, a phosphorus-containing hydrocarbon group having 
from 1 to 20, preferably from 1 to 12 carbon atoms (e.g., a diphenylphosphine group, etc.), a silicon-containing 
hydrocarbon group having from 1 to 20, preferably from 1 to 12 carbon atoms (e.g., a trimethylsilyl group, etc.). and 
a boron compound residue having a hydrocarbon group with from 1 to 20, preferably from 1 to 12 carbon atoms or 

■to having halogens (e.g., B(C 6 H 5 ) 4 , BF 4 ). Of those, preferred are halogen atoms and hydrocarbon groups. X 1 and Y 1 
may be the same or different ones. Specific examples of L 1 and L 2 include triphenylphosphine, acetonitrile, ben- 
zonitrile, 1 ,2-bisdiphenylphosphinoethane, 1,3-bisdiphenylphosphinopropane, 1,1'-bisdiphenylphosphinofer- 
rocene, cyclooctadiene, pyridine, bistrimethylsilylaminobistrimethylsilyliminophosphorane, etc. 
L\ L 2 X 1 and Y 1 may be bonded to each other to form a cyclic structure. 

15 

[0012} Specific examples of the transition metal compounds of formula (4) include dibromobistriphenylphosphine 
nickel, dichlorotriphenylphosphine nickel, dibromodiacetonitrile nickel, dibromodibenzonitrile nickel, dibromo(1 ,2-bis- 
diphenytphosphinoethane) nickel, dibromo(1,3-bisdiphenylphosphinopropane) nickel, dibromo(1,1'-diphenylbisphos- 
phmoferrocene) nickel, dimethylbistriphenylphosphine nickel, dimethyl(1 ,2-bisdiphenylphosphinoethane) nickel, 
20 methyl(l .2-bisdiphenylphosphinoethane)nickel tetrafluoroborate, (2-diphenylphosphino-1 -phenyl ethyl eneoxy)phe- 
nylpyndme nickel, dichlorobistriphenylphosphine palladium, dichlorodibenzonitrile palladium, dichlorodiacetonitrile pal- 
ladium. dichloro(i,2-bisdiphenylphosphinoethane) palladium, bistriphenylphosphine palladium bistetrafluoroborate, 
bts(2.2*-pyridine)methyliron tetrafluoroborate etherate, etc. 

[0013] Of those, preferred are cationic complexes such as methyl(1 .2-bisdiphenylphosphinoethane)nickel tetrafluor- 
2S oborate. bistriphenylphosphine palladium bistetrafluoroborate, and bis(2,2'-pyridino)methyliron tetrafluoroborate ether- 
ate 

[0014] As the component (a) in the catalyst of the invention, one or more transition metal compounds noted above 
maybe used either singly or as combined. 

30 Component (b): 

[0015] 

[1] Clay or clay minerals: 

35 Clay or day minerals may be used as the component (b). Clay is an aggregate of fine hydrous silicate minerals. 

It is plastic when kneaded with a suitable amount of water, and is rigid when dried. When baked at high tempera- 
tures, it is sintered. Clay minerals are hydrous silicates which are the essential components constituting clay. 

These are not limited to only natural ones, but synthetic products of those substances are employable herein. 
[2] Ion-exchanging layered compounds: 

40 As the component (b), also usable are ion-exchanging layered compounds, which are characterized by the 

crystal structure of such that a plurality of crystal planes formed through tonic bonding or the like are laminated in 
parallel layers via weak bonding force between the adjacent layers, and in which the ions are exchangeable. Some 
clay minerals are ion-exchanging layered compounds. 

For example, phyllosilicic acid compounds belong to clay minerals. Phyllosilicic acid compounds include phyl- 

45 losilicic acid and phyllosilicates. As natural phyllosilicates, known are montmorillonite, saponite and hectorrte of 
smectite family; iliite and sericite of mica family; and mixed layer minerals of smectites and micas, or those of micas 
and vermiculrtes. 

As synthetic products, known are f luoro-tetrasilicon mica, laponite, smectone, etc. 

Also mentioned are ion -exchanging compounds having a layered crystal structure, such as a-Zr(HP0 4 ) 2 , y- 
so Zr(HP0 4 ) 2 , a-Ti(HP0 4 ) 2 . y-Ti(HP0 4 ) 2 . etc. These are not clay minerals. 

Examples of clay and clay minerals which do not belong to ion-exchanging layered compounds and which are 
usable as the component (b) include clay having a low montmorillonite content and referred to as bentonite: kibushi 
clay comprising montmorillonite and many other components; gairome clay; sepiolite and palygorskite having a 
fibrous morphology; and amorphous or low-crystalline allophane. imogolite. etc. 
55 The component (b) is contacted with the silane compound (c) and optionally the alkylating agent (d), and it is 

desirable that clay, clay minerals and ion-exchanging layered compound for the component (b) are chemically 
treated for the purpose of removing impurities from them or for modifying their structures and functions. 

The chemical treatment referred to herein indicates both the surface treatment to remove impurities from sur- 
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faces and the treatment to modify the crystal structure of clay. Concretely, it includes acid treatment, alkali treat- 
ment, salt treatment, organic treatment, etc. 

The acid treatment is to remove impurities from surfaces, while releasing cations such 
magnesium and the like from crystal structures to thereby enlarge surface areas. The alkali 
S crystal structure of clay, thereby modifying the structure of clay. The salt "^^«Z£E£ 
are to form ionic complexes, molecular complexes, organic complexes, etc., whereby surface areas and layer m 
tevef soaSs ™y~e changed. Owing to their ion-exchanging ability, the interlayer exchangeable ions .njtecom- 
X^SSSLaJ^ any other bulky ions to give layer* substances having 

K Stances of the component (b) noted above may be directly used as they are. or rf desired, additrcnal 
water may be adsorbed onto them, or they may be heated and dehydrated prior to being used 
w Z 7he component (b). preferred are clay and clay minerals in view of their act,vrty. Most preferred are phyltos..- 
icic acid compounds, of which smectite is desirable, and montmorillonite is more desirable. 

Silane compounds for component (c): 

[00161 As comprising a silane compound, the catalyst of the invention has higher activity. As the silane compounds 
for the component (c). preferred are those of the following general formula (5): 

R n SiX 4 . n (5) 

wherein R represents a substituent of which the atom in the site directly bonding to Si is carbon, silicon or hydrogen; , X 
£Z£ TUSZm of which the dement in the site direct bonding to Si is halogen oxygen or nrtrogen; plural 
R's and Xs if any may be the same or different ones, respectively; and n represents 1 , 2 or 3 

mmmsm 

^r^T*™^™^*™^ p hen y ,si,yi trich,oride - ^^tsits 

lano?ae'ne^S;Veferred to as peralkylpolysiloxypolyols; bissilyls such as b^methyld.cWorosilyOr^an^ 1* 
SStorSSane. bis(met^dichlorosi«y.)octane. bis(triethoxysily.)ethane. eta, and s-lane hydr^ such 

a dTmXl^ 

(5) preferred are those where n is 1 or 2. One of the compounds may be used as the component (c). As the case may 
be,' however, two or more of the compounds may be used, as combined in any des,red manner. 

Alkylating agents for component (d): 

looiai in the oresent invention optionally used is an alkylating agent as the component (d) for the catalyst The 
Sna agim ifTsed nether improve the activity of the catalyst. Various types of alkylating agents are known. 
, SSSIS!^^!^ herein as abating agents are alkyl-having aluminium compounds of a genera, formula (6). 

R 9 m AI (OR 10 ) n X3. m . n (6) 

wherein R 9 and R 10 each represent an alkyl group having from 1 to 8. preferably from 1 J 4 cartoon atoms: Xrep- 
5 resents a hydrogen atom or a halogen atom; 0 < m < 3. preferably m = 2 or 3. most preferably m = 3. 0 < n < 3. 
preferably n = 0 or 1; 

alkyl-having magnesium compounds of a general formula (7) : 
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15 



20 



25 



30 



35 



40 



45 



R 9 2 Mg 



(7) 



wherein R 9 has the same meaning as above; 



5 and alkyl-having zinc compounds of a general formula (8) : 

R 9 2 Zn 



(8) 



wherein R 9 has the same meaning as above. 



[001 9] Of those alkyl-having compounds, preferred are alkyl-having aluminium compounds, especially trialkylalumin- 
ium and diatkylaiuminium compounds. As the preferred compounds, concretely mentioned are trialkylaluminiums such 
as trimethylaluminium, triethylaluminium, tri-n-propylaluminium, triisopropylaluminium, tri-n-butylaluminium, triisobuty- 
laluminium, tri-t-butylaluminium, etc.; dialkylaluminium halides such as dimethylaluminium chloride, diethylaluminium 
chloride, di-n-propylaluminium chloride, diisopropylaluminium chloride, di-n-butylaluminium chloride, diisobutylalumin- 
ium chloride, di-t-butylaluminium chloride, etc.; dialkylaluminium alkoxides such as dimethylaluminium methoxide, 
dimethylaluminium ethoxide, etc. ; dialkylaluminium hydrides such as dimethylaluminium hydride, diethylaluminium 
hydride, diisobutylaluminium hydride, etc. Also mentioned are dialkylmagnesiums such as dimethylmagnesium, diethyl- 
magnesium, di-n-propylmagnesium, diisopropylmagnesium, dibutylmagnesium, butylethylmagnesium, etc. ; dialkylz- 
incs such as dimethylzinc, diethylzinc, ethyl -n-propylzinc, diisopropylzinc, etc. 



Organic aluminium compounds for component (e): 



[0020] In the present invention, further optionally used is an organic aluminium compound as the component (e) for 
the catalyst. The organic aluminium compound, if used, may further improve the activity of the catalyst. As preferred 
examples of the organic aluminium compound for use in the invention, mentioned are alkyl-having aluminium com- 
pounds of the following general formula (9), linear alumoxanes of the following general formula (10). cyclic alumoxanes 
of the following general formula (1 1), and their mixtures. 



R 9 m AI(OR 10 ) n X 3 . m .n 



(9) 



wherein R 9 and R 10 each represent an alkyl group having from 1 to 8. preferably from 1 to 4 carbon atoms; X represents 
a hydrogen atom or a halogen atom; 0 < m < 3, preferably m = 2 or 3, most preferably m = 3;0^n<3, preferably n = 
Oor 1. 



\ 



Al 




(10) 



50 
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(i i) 



15 



20 



wherein R 1 1 represents an alkyl group having from 1 to 20. preferably from 1 to 8 caibon atoms, and plural R 's, if any, 
may be the same or different ones; L is an integer falling within the range of 2 £ L 5 40, preferably 2 < L £ 30; and N is 
an integer falling within the range of 1 £ N £ 50. 

[0021 ] As the preferred compounds, concretely mentioned are trialkylaluminiums such as trimethylalummium, tnethy- 
laluminium tripropylaluminium, triisobutylaluminium, tri-t-butylaluminium, etc. ; halogen- or alkoxy-hav.ng alkylalum.ni- 
ums such as dimethylaluminium chloride, diethylaluminium chloride, dimethylaluminium methoxide, diethylaluminium 
methoxide, etc. ; alumoxanes such as methylalumoxane. ethylalumoxane. isobutylalumoxane, etc. Of those, especially 
preferred is triisobutylaluminium. 

25 2 . Method for preparing catalyst; 

(1 ) How to mix the constituent components: 

[0022] The means of mixing the constituent components to prepare the catalyst of the invention is not specifically 
30 defined. For example, the components may be mixed in the manner mentioned below. 

For the invention of daims 1 and 2: 

[00231 Where the components (a), (b) and (c) are used for preparing the catalyst, for example, employable are [1] a 
35 method of contacting the component (a) with the component (b) followed by adding the component (c) to the resulting 
mixture- [2] a method of contacting the component (a) with the component (c) followed by adding the component (b) to 
the resulting mixture; [3] a method of contacting the component (b) with the component (c) followed by adding the com- 
ponent (a) to the resulting mixture; and [4] a method of contacting the three components all together at the same tme. 
Of those, preferred is the method [2] of contacting the component (b) with the component (c) followed by adding the 

40 component (a) to the resulting mixture. . 

[0024] Where the component (d) is used in addition to the three components noted above, the means of mixing them 
is not specifically defined. Preferably, as in the methods [1] to [4] noted above, a mixture of the component (a) and the 
component (d) is further mixed with a mixture of the component (b) and the component (c). 

[0025] While or after the constituent components are mixed together, a polymer such as polyethylene, polypropylene, 
45 polystyrene or the like, and even a solid inorganic oxide such as silica, alumina or the like may be present in the mixing 
system or may be added to the mixture for the catalyst. 

For the invention of claims 3 and 4: 

so [0026] Where the components (a), (b). (c) and (e) are used for preparing the catalyst, for example, enable are [1] 
a method of contacting the component (a) with the component (b) followed by adding the component (c andthe com- 
ponent (e) to the resulting mixture; [2] a method of contacting the components (a), (c) and (e) together followed by add- 
ing the component (b) to the resulting mixture; [3] a method of contacting the component (b) wrth the < componenMc) 
and (e) followed by adding the component (a) to the resulting mixture; and [4] a method of contacting the four compo- 

55 nente all together at the same time. Of those, preferred is the method [3] of contacting the component (b) wrth the com- 
ponents (c) and (e) followed by adding the component (a) to the resulting mixture. 

[0027] Where the component (d) is used in addition to the tour components noted above, the means of mixing them 
is not specifically defined. Preferably, a mixture of the component (a) and the component (d) is further mixed wrth a m.x- 
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ture of the component (b), the component (c) and the component (e). 

[0028] While or after the constituent components are mixed together, a polymer such as polyethylene, polypropylene, 
polystyrene or the like, and even a solid inorganic oxide such as silica, alumina or the like may be present in the mixing 
system or may be added to the mixture for the catalyst. 

5 

(2) Ratio of constituent components: 
For the invention of claims 1 and 2: 

w [0029] It is desirable the constituent components are so contacted together that the molar number of the metal atom 
in the transition metal complex of the component (a) and the molar number of the silicon atom in the silane compound 
of the component (c) could be from 0.0001 to 0.5, and from 0.001 to 1000, respectively, more preferably from 0.001 to 
0.2, and from 0.01 to 100, respectively, relative to 1 kg of the component (b) of any of clay, clay minerals and ion- 
exchanging layered compounds. If the molar number of the transition metal is smaller than 0.0001, the polymerization 

15 activity of the catalyst is low. But if larger than 0.5, the polymerization activity of the catalyst relative to the transition 
metal unit is extremely low. If the molar number of the silane compound is lower than 0.001 , the polymerization activity 
of the catalyst is low. But if larger than 1000, the activity is also low. Where the catalyst additionally contains the alkylat- 
ing agent of the component (d), the amount of the alkylating agent in the catalyst will vary depending on the type and 
the amount of the polymerization solvent to be used. Preferably, the molar ratio of the component (d) to the transition 

20 metal in the component (a) may fall from 0 to 10000/1 (but exclusive of 0). If the molar ratio is larger than 10000, the 
activity of the catalyst relative to the amount of the component (d) will be low. 

For the invention of claims 3 and 4: 

25 [0030] It is desirable the constituent components are so contacted together that the molar number of the metal atom 
in the transition metal complex of the component (a), the molar number of the silicon atom in the silane compound of 
the component (c) and the molar number of the aluminium atom in the organic aluminium compound of the component 
(e) could be from 0.0001 to 0.5, from 0.001 to 1000, and from 0.1 to 1000, respectively, more preferably from 0.001 to 
0.2, from 0.01 to 100, and from 1 to 100, respectively, relative to 1 kg of the component (b) of any of clay, clay minerals 

30 and ion-exchanging layered compounds. If the molar number of the transition metal is smaller than 0.0001 . the polym- 
erization activity of the catalyst is low. But if larger than 0.5. the polymerization activity of the catalyst relative to the tran- 
sition metal unit is extremely low. If the molar number of the silane compound is lower than 0.001, the polymerization 
activity of the catalyst is low. But if larger than 1000, the activity is also low. If the amount of the organic aluminium com- 
pound (e) to be contacted with the composition comprising the components (b) and (c) is smaller than 0.01 , the polym- 

35 erization activity of the catalyst could not be satisfactorily improved. But even if larger than 1000, such a large amount 
of the component (e) would no more contribute to further improving the activity of the catalyst. Where the catalyst addi- 
tionally contains the alkylating agent of the component (d), the amount of the alkylating agent in the catalyst will vary 
depending on the type and the amount of the polymerization solvent to be used. Preferably, the molar ratio of the com- 
ponent (d) to the transition metal in the component (a) may fall from 0 to 10000/1 (but exclusive of 0). If the molar ratio 

40 is larger than 1 0000, the activity of the catalyst relative to the amount of the component (d) will be low. 

(3) Conditions for contacting constituent components: 

[0031] The constituent components may be contacted together in a hydrocarbon such as pentane, hexane, heptane, 
45 toluene, xylene or the like, in an inert atmosphere such as nitrogen or the like. The temperature for the contact may fall 
between -30°C and the boiling point of the solvent used, but preferably falls between room temperature and the boiling 
point of the solvent used. 

3. Production of olefinic polymers and styrenic polymers: 

50 

[0032] Olefinic polymers can be produced by homopolymerizing or copolymer izing olefinic monomers in the presence 
of the catalyst noted above of the invention. Styrenic polymers can also be produced by homopolymerizing or copoly- 
merizing olefinic monomers in the presence of the catalyst. The copolymerization includes copolymerization of two or 
more different types of olef inic monomers, copolymerization of two or more different types of styrenic monomers, and 
55 copolymerization of styrenic monomers and olefinic monomers, by which are produced copolymers. 
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15 



20 



(1) Monomers to be used: 

[0033] Olefinic monomers for use in the invention include, for example a-olefins such as •J^^JjJJ \\ 
butane 1-pentene 1-hexene, 1-heptene. 1-octene, 1-nonene. 1-decene, 4-phenyl-1-butene. 6*^wyM*«»n*3 
Si iSn-me^M-butene "s-methvM-pentene, 4-methyl-1 -hexene, 5-methyl-l-hexene 3 
Sm8 tSZZSi - Tpentene, 4.4-dimethyl- 1-pentene. vinylcyclohexane, etc. ; dienes such 
diene ll^eSene etc. halogen-substituteda-olefins such as hexafluoropropene -Vf***"*^* 
fl^Lwti^SSrthylene. 1.1<i.fluoroethy.ene. 3-fluoropropene. trifluoroethylene. 3.4<J.ch ^^^J^' 
S^Srr^q^tene, cyclohexene, norbornene. 5-methy.norbornene. 5-ethy.norbornene j 
bSene TeTmetrvllbSrnene. 5-benzy.norbornene, etc. Styrenic monomers for use ,n the mventjon ,ncl udefor 
p«Zl!' sivrene alMstyrenes such as p-methyistyrene. p-ethylstyrene. p-propylstyrene. p-.sopropylstyrene, 

o^Xi^t^en^ene, o-methylstyrene. o-ethylstyrene. o-propylstyrene, o-isopropylstyrene m- 
mZ^ene m Slstrene mesitylstyrene. 2.4<limethylstyrene, 2 5-d.methyl- 

^ etTo^^ sucn as P-ethoxystyrene. o-methoxystyrene. ni-methoxy^rene. 

2 haioo^osWrenSsuch as p-chlorostyrene, m-ch.orostyrene. o-ch.orostyrene. p-bromostyrene, ^omostyrene. 
o^orr^^ulrostyrene TrrHluoroiyrene. o-f.uorostyrene. o-methy.-p-f.uorostyrene. etc, as well as tnmethyl- 
silylstyrene, vinylbenzoates, divinylbenzene, etc. 

(2) Polymerization conditions: 

toOMl Ta. oolvmariaalian may b. aaactad in Ih. aba.naa or prasanae of a s**nt. Tha aol«rt rr« (netuS* jar 

25 which acts as a molecular weight-controlling agent. 

(3) Styrenic polymers: 

Lien! units existing in polymers. For example, diad indicates 2 unite; SSSSSSS 

STJSJpropolion is not smaller than 30 %. preferably not smaller than 50 %. as well as their 
40 mixtures, and copolymers consisting essentially of such polystyrenes. 

Examples: 

[0036] The invention is concretely described hereunder with reference to the following ^"P^which^ however 
arenot intended to restrict the scope of the invention. The intrinsic viscosrty fol the ^P"^^T^- 
eo^ecSy [rrrr] and the melting point Tm that are referred to hereunder were obta.ned accord.ng to the methods 



30 



35 



45 



50 



55 



mentioned below. 



Intrinsic viscosity fo]: 

[00371 A sample was dissolved in decalin, and its intrinsic viscosity was measured at 130-G For the measurement, 
samples of syndiotactic polystyrenes were dissolved in 1 ,2,4-trichlorobenzene. 

Stereospecificity [mmmm]: 

[00381 A polymer sample was dissolved in a mixed solvent of 1 ,2,4-trichlorobenzene and deuced benzene (90/10 
by vdume) aTstbjeSd to a proton complete decoupling method for 13 C-NMR (us-ng Nippon B«*on.c 8 LA-500) at 
lL°C Based on the signals for the methyl group obtained in the method, the stereospecrf .ctty [mmmm] of the sample 
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was determined. The stereospecificity was proposed by A. Zambelli et al. in "Macromolecules, 6, 925 (1973)", and it 
indicates the isotactic fraction in the pentad unit of a polypropylene molecular chain as measured in 13 C nuclear mag- 
netic resonance spectrometry For the attribution of the peaks seen in the 13 C nuclear magnetic resonance spectrom- 
etry, referred to was the A. Zambelli et al's proposal in "Macromolecules, 8, 688 (1975)". 

5 

Stereospecificity [rrrr]: 

[0039] This was determined according to the method described in JP-A Sho-62-104818. 
io Melting point Tm: 

[0040] The melting point of each sample was measured, using a differential scanning calorimeter of Perkin Elmer's 
DSC-7 Model. 

75 Examples of invention of claims 1 and 2: 

[Example 1 (production of polyethylene)] 

(1) Chemical treatment of clay mineral: 

20 

[0041] 40 g of a commercial product of montmorillonite (Kunipia F, manufactured by Kunimine Industry Co.) was 
ground in a grinder for 4 hours. 20 g of the powdered montmorillonite was put into a three-neck separable flask having 
a capacity of 500 ml, and dispersed in 1 00 ml of deionized water containing 20 g of magnesium chloride 6-hydrate dis- 
solved therein. This was stirred at 90°C for 0.5 hours. After having been thus processed, the solid residue was washed 
25 with water. This treatment was repeated once again. Thus was obtained magnesium chloride-processed montmorillo- 
nite. Next, this was dispersed in 160 ml of an aqueous solution of 6 % HCI, and stirred under reflux for 2 hours. After 
having been thus processed, this was washed with water through repeated filtration until the filtration wash became 
neutral, and then dried. Thus was obtained chemical-treated montmorillonite. 

30 (2) Contact with silane compound: 

[0042] 1 .0 g of the chemical -treated montmorillonite that had been prepared in (1) (this had a water content of 15 % 
by weight; the water content was obtained from the weight loss after dehydration under heat at 150°C for 1 hour, and 
the same shall apply hereinunder) was put into a Schlenk's tube having a capacity of 300 ml, and dispersed in 25 ml of 
35 toluene to obtain a slurry, to which was added 1 . 1 3 g (5.2 mmols) of methylphenethylsilyl dichloride. The resulting slurry 
was stirred at room temperature for 60 minutes, then heated, and reacted at 100°C for 1 hour. After the reaction, the 
supernatant was removed from the reaction mixture, and the remaining solid phase was washed with 200 ml of toluene. 
This washing filtration was repeated once again. Next, toluene was again added to the thus-washed slurry to be 50 ml 
in total. This was processed in the next step. 

40 

(3) Contact with transition metal compound: 

[0043] 50 ml of the slurry that had been prepared in (2) was put into a Schlenk's tube having a capacity of 300 ml, to 
which was added 100 ^mols of zirconocene dichloride at room temperature, and stirred for 0.5 hours at the tempera- 
45 ture. After the reaction mixture was left static for a while, the supernatant was removed from it, and the remaining resi- 
due was washed with 200 ml of toluene. Toluene was again added to the thus-washed residue to prepare a catalyst 
slurry of being 50 ml in volume. 

(4) Polymerization of ethylene: 

50 

[0044] 400 ml of toluene, 0.5 mmols of triisobutylaluminium, and 5 ml (corresponding to 0.1 g of the solid catalyst) of 
the catalyst slurry that had been prepared in the previous step (3) were put into a 1 .6 liter autoclave in that order, and 
heated at 70°C. After this was kept at the temperature for 5 minutes, ethylene was continuously fed thereinto to have a 
pressure of 5 kg/cm 2 , and polymerized for 30 minutes. Next, methanol was added to this to stop the polymerization. The 
55 polymer thus produced was taken out through filtration, and dried at 90°C under reduced pressure for 12 hours. The 
polymer thus obtained weighed 52.5 g. The polymerization activity per the catalyst used was 1050 g/g-catalyst/hr. 
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[Example 2 (production of polyethylene)] 

(1) Chemical treatment of clay mineral: 

5 [0045] This is the same as in (1) in Example 1 

(2) Contact with silane compound: 

[0046] Thiswaseffetfed^ 
10 ride was used in place of methylphenethylsilane dichloride. 

(3) Contact with transition metal compound: 
[0047] This is the same as in (3) in Example 1 . 

15 

(4) Polymerization of ethylene: 

ro0481 This was effected in the same manner as in (4) in Example 1 . except that the polymerization time wm > 1 1 5 min- 
SeT!n thiTobtained was 45.0 g of a polymer. The polymerization activity per the catalyst used was 1800 g/g-cata- 
20 lyst/hr. 

[Comparative Example 1 (production of polyethylene)] 

(1) Chemical treatment of clay mineral: 
[0049] This is the same as in (1) in Example 1 . 

(2) Contact with transition metal compound: 

so [0050] This was effected in the same manner as in (3) in Example 1 , except that 1 g of the clay paving b^n process^ 
In the] previous step (1). in place of the silane-processed clay in (3) in Example 1 , was suspended m 50 ml of toluene to 
prepare the catalyst slurry. 

(3) Polymerization of ethylene: 

[0051] This was effected in the same manner as in (4) in Example 1 . but no polymer was produced herein. 
[Example 3 (production of polypropylene)] 
40 (1) Chemical treatment of day mineral: 

[0052] This is the same as in (1) in Example 1 . 

(2) Contact with silane compound: 

45 

[0053] This is the same as in (2) in Example 1 . 

(3) Polymerization of propylene: 

[0054] 400 ml of toluene and 2.0 mmols of triisobutylaluminium were put into a 6 liter autoclave, and 

mi ui ^ » jx w./*hi«ririo uiafi nut thereinto, and kept stirred 



25 



35 



55 



rn054i 400 m ot to uene ana z.u mmoib ui u ij.w.*. - — « — 

catalyst used was 594 kg/g-Zr/hr. This polymer had Tm = 138°C. fo] = 0.94, and [mmmm] = 83 A. Th,s was isotactic 
structured polypropylene. 



16 



DOCID: <EP 0945471 A 1 J. > 



EP 0 945 471 A1 



Examples of trrveotion of claims 3 and 4: 

[Example 4 (pr od^cton of polyethylene)] 

5 ( 1 ) Chemical r eatment of clay mineral: 

[0055} 40 g o* a commercial product of montmorillonite (Kunipia F, manufactured by Kunimine Industry Co.) was 
ground m a gr mdef tor 4 hours. 19.9 g of the powdered montmorillonite was put into a four-neck flask having a capacity 
of 500 ml and drspersed in 100 ml of deionized water containing 20 g of magnesium chloride 6-hydrate dissolved 
io therein This was stirred at 90°C for 0.5 hours. After having been thus processed, the solid residue was washed with 
water Ttus treatment was repeated once again. Thus was obtained magnesium chloride-processed montmorillonite. 
Next, this was dispersed in 160 ml of an aqueous solution of 6 % HCI, and stirred under reflux for 2 hours. After having 
been thus processed, this was washed with water until the supernatant became neutral, and then dried. Thus was 
obtained chen*cai treated montmorillonite. 

75 

(2) Contact with fxUtne compound and organic aluminium: 

[0056] i 0 g of me chen»cai treated montmorillonite that had been prepared in (1 ) (this had a water content of 1 5 % 
by weight, the wafe* content was obtained from the weight loss after dehydration under heat at 150°C for 1 hour, and 

20 the same shall app*y her onunder) was put into a Schlenk's tube having a capacity of 300 ml, and further dehydrated at 
room temperatu* • under reduced pressure for 30 minutes. Next, this was dispersed in 50 ml of toluene added thereto 
to prepare a slurry to wn»ch was added[,3ml (24 mmols) of trimethylsilyl chloride, and heated at 90°C with stirring for 30 
minutes Next. wh»*e this was still kept at 90°C, 3 ml (24 mmols) of trimethylsilyl chloride was gradually added thereto 
over a period at 10 n^nutes. anfttorther heated for 30 minutes. After the reaction, this was cooled to room temperature, 

25 and washed tw>ce with 200^ of toluene. Next, 100 pmols of triisobutylaluminium was added thereto, stirred at room 
temperature for 30 minutes, and then kept static for awhile. The resulting solid residue was washed twice with 200 ml 
of toluene, and 50 mi of toluene was added to the thus-washed residue. Thus was obtained a trimethylsilyl chloride and 
triisobutylalurrinium-processed montmorillonite slurry. 

30 (3) Preparation of transition metal compound-carrying catalyst: 

[0057] To the slurry obtained in the previous step (2), added was 1 00 jimols of zirconocene, and stirred at room tem- 
perature for 30 minutes After the resulting mixture was kept static for a while, the supernatant was removed, and the 
remaining rescfue was washed twice with 200 ml of toluene. Then, toluene was added to the thus-washed residue to 
35 prepare 50 ml of a catalyst slurry. 

(4) Polymerization of ethylene: 

[0058] 400 ml of toluene. 0.2 mmols of triisobutylaluminium, and 5 ml (corresponding to 0.1 g of the solid catalyst) of 
40 the catalyst slurry that had been prepared in the previous step (3) were put into a 1 .6 liter autoclave in that order, and 
heated at 70°C. After this was kept at the temperature for 5 minutes, ethylene was continuously fed thereinto to have a 
pressure of 5 kgycrrr. and polymerized for 30 minutes. Next, methanol was added to this to stop the polymerization. The 
polymer thus produced was taken out through filtration, and dried at 90°C under reduced pressure for 12 hours. The 
polymer thus obtained weighed 19 g. The polymerization activity per the catalyst used was 380 g/g-catalyst/hr. 

45 

[Example 5 (production of polyethylene)] 

(1) Chemical treatment of clay mineral: 

so [0059] This is the same as in (1) in Example 4. 

(2) Contact with silane compound and organic aluminium: 

[0060] 1 .0 g of the chemical-treated montmorillonite that had been prepared in (1) (this had a water content of 15 % 
55 by weight; the water content was obtained from the weight loss after dehydration under heat at 150°C for 1 hour, and 
the same shall apply hereinunder) was put into a Schlenk's tube having a capacity of 300 ml, and dispersed in 25 ml of 
toluene to prepare a slurry. With stirring, 0.95 g of silanol-silicone (trade name of DMS-S12, manufactured by Asmax 
Co. - this had a molecular weight of from 400 to 700) was added to the slurry. 
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(3) Preparation ol transition metal compound-carrying catalyst: 

[0070] This is the same as in (3) in Example 5. 

5 (4) Polymerization of ethylene: 

[0071] This was effected in the same manner as in (4) in Example 4. As a result, obtained was 7 g of a polymer. The 
polymerization activity per the catalyst used was 140 g/g-catalyst/hr. 

10 [Example 7 (production or polypropylene)] 

(1) Chemical treatment of clay mineral: 

[0072] This is the same as in (1) in Example 4. 

75 

(2) Contact with silane compound and organic aluminium: 
[0073] This is the same as in (2) in Example 6. 

20 (3) Polymerization of propylene: 

[0074] 400 ml of toluene and 2.0 mmols of triisobutylalu minium were put into a 1 .6 liter autoclave, and heated at 75°C. 
Next, 1 nmol of dimethylsilylenebis(2-methyl-4,5-benzoindenyl)zirconium dichloride was put thereinto, and kept stirred 
at the temperature for 2 hours. Next, 5 ml (corresponding to 0.1 g of the solid catalyst) of the catalyst slurry that had 

25 been prepared in the previous step (2) was added thereto, and heated up to 80°C. Then, propylene was continuously 
fed thereinto to have a pressure of 7 kg/cm 2 , and polymerized for 20 minutes. Next, methanol was added to this to stop 
the polymerization. The polymer thus produced was taken out through filtration, and dried at 90°C under reduced pres- 
sure for 3 hours. The polymer thus obtained weighed 79.9 g. The polymerization activity per the transition metal in the 
catalyst used was 2630 kg/g-Zr/hr. This polymer had Tm=139°C, fo] = 0.84, and [mmmm] = 85 %. This was isotactic- 

30 structured polypropylene. 

[Example 8 (production of ethylene/butene copolymer)] 

(1) Chemical treatment of clay mineral: 

35 

[0075] This is the same as in (1) in Example 4. 

(2) Contact with silane compound and organic aluminium: 
40 [0076] This is the same as in (2) in Example 5. 

(3) Contact with transition metal compound: 

[0077] 5 ml of the slurry (concentration: 1 g/50 ml) that had been prepared in (2) and 1 ml of a toluene solution of 
45 tetramethylcyclopentadienyldimethylsilyl-t-butylamidotitanium dichloride (concentration: 40 ^ols/ml) were succes- 
sively put into a Schlenk's tube having a capacity of 50 ml at room temperature, and then stirred at the temperature for 
1 hour. The resulting mixture was kept static for a while, and the supernatant was removed from it. The remaining res- 
idue was washed three times with 10 mi of toluene. Finally, the supernatant was removed, and hexane was added to 
the residue to prepare a slurry having a total volume of 10 ml. ICP analysis of the slurry revealed that the amount of 
so titanium carried therein was 1 .6 mg/g-carrier. 

(4) Copolymerization of ethylene/butene: 

[0078] 400 ml of toluene, 2 mmols of triisobutyl aluminium, and 5 ml (corresponding to 0.05 g of the solid catalyst) of 
55 the Ti-carrying catalyst slurry prepared previously were put into a 1 liter autoclave in that order, to which was added 1 .5 
g of 1 -butene at 70°C while introducing ethylene thereinto under a pressure of 0.6 megapascals. Ethylene was contin- 
uously introduced into the autoclave to ensure the constant pressure in the polymerization system, and the polymeri- 
zation was continued for 30 minutes. Methanol was added to this to stop the polymerization. 



19 



DOCID: <EP 0945471 A1_l_> 



EP 0 945 471 A1 



10 



[00791 The polymer thus produced was taken out through filtration, and dried at 90°C under reduced pressure for 12 
hours. The oovme. thus obtained weighed 13 g. The polymerization activity of the catalyst used was ; 325 W™*- 
13 C-NMR anal/sis of the polymer revealed that the butene content of the polymer was 2.5 % by weight. The polymer 
had a limiting viscosry h] of 14 5 (dl/g). 

(Comparative Eiampie 3 (production of ethylene-butene copolymer)] 

[00801 Catalyst p,eparat.on and polymerization was effected in the same manner as in Example 4, except that 5 
mmols of SO- Z >.ed M AO(methylaluminoxane) was used in place of the clay mineral and that the amount of the tran- 
Sn metS compound used as the essential catalyst component was 10 nmols. The polymer obtamed herein weighed 
f 9 g aTha^Xt^ v*cosity H of 8.13 and a butene content of 5.0 % by weight. The po.ymenzat.on activity of the 
catalyst used was 79 4 kg/g-Ti/hr. 

[Example 9 (production of ethylene/norbornene copolymer)] 



15 



[0081] Polyn^-ton was eflected in the same manner as in Example 8. except that 3 g of norbornene was used in 
place of 1 .5 g of 1 butene The poiymer obtained herein weighed 8 g, and had a norbornene content of 1 .2 % by weight. 
The polymerization activity of the catalyst used was 200 kg/g-Ti/hr. 

20 [Example 10 (production of syndiotactic polystyrene)] 

(1) Chemical treatment of day mineral: 

[0082] This is the same as m ( 1 ) in Example 4. 

(2) Treatment with s*iane compound and organic aluminium: 
[0083] This is the same as in (2) in Example 6. 

30 (3) Contact with transition metal compound: 

r00841 13 4 mJ of toluene, 0.25 ml (0.5 mmols) of a toluene solution of triisobutyialuminium (concentration: 2 
molsMer). 6.0 ml of the slurry prepared in (2), and 0.4 ml (0.02 mmols) of a toluene solution of pentamet W^dope^ 
tadienyltitanium tnmetnox.de (concentration: 50 mmols/liter) were successively put ,nto a 50 ml Schlenks tube at room 
35 temperature, and stoned tor 1 .5 hours at the temperature to prepare a catalyst slurry. 

(4) Production of syndiotactic polystyrene: 

r0085] 10 ml of styrene and 0.01 ml (0.005 mmols) of a toluene solution of triisobutyialuminium (concentration. 0^ 
mol s/1 ter) were put into a 30 ml ampoule bottle, in a nitron-charged box. This ampoule bottle was set in an on bath 
at 70"C After 10 minutes. 1.25 ml of the catalyst slurry prepared in the previous step (3) was put into he bottle. The 
monome was polymerized at 70*C for 1 hour, and then the bottle was taken out of the oil batK Methanol was added to 
tTs to stop thepo ymer.at.on. The polymer thus produced was taken out of the ampoule bottle. dipped overn.gh in 
mShanol and then dned at 200°C in vacuum for 2 hours. The yield of the polymer was 0.468 g. The polymer.zat.on 
Sty of the cl lyst ^ was 7.8 kg-po.ymer/g-Ti. The limiting viscosity M of the polymer (in 
135°C) was 1 68 dl/g 13 C-NMR analysis of the polymer revealed that the polymer was synd.otact.c polystyrene having 
a degree of tacticity [rrrr] for the racemipentad fraction of 84 %. Tm of the polymer was 266°C. 

[Example 1 1 (production of syndiotactic polystyrene)] 

(1) Chemical treatment of day mineral: 

[0086] This is the same as in (1) in Example 4. 

55 (2) Contact with organic aluminium: 

[0087] This was effected m the same manner as in (2) in Example 6, except that trimethylaluminium was used as the 
organic aluminium for the treatment in place of triisobutyialuminium. 
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(3) Contact with transition metal compound: 

[0088] This was effected in the same manner as in (3) in Example 10, except that the slurry prepared in the previous 
(2) was used in place of the slurry prepared in (3) in Example 10. 

5 

(4) Production of syndiotactic polystyrene: 

[0089] Styrene was polymerized in the same manner as in (4) in Example 10, except that the catalyst slurry prepared 
in the previous (3) was used. The yield of the polymer produced herein was 0.091 g. The polymerization activity of the 
w catalyst used was 1 .5 kg-polymer/g-Ti. The limiting viscosity fo] of the polymer (in trichlorobenzene at 135°C) was 1 .63 
dl/g. 13 C-NMR analysis of the polymer revealed that the polymer was syndiotactic polystyrene having a degree of tac- 
ticrty [rrrr] for the racemipentad fraction of 82 %. Tm of the polymer was 264°C. 

(Example 12 (production of polypropylene)] 

J5 

(1) Chemical-treated clay A: 

[0090] 20 g of montmorillonite (Kunipia F, manufactured by Kunimine Industry Co.) was put into a three-neck separa- 
ble f lasK roving a capacity of 500 ml, and dispersed in 1 00 ml of deionized water containing 20 g of magnesium chloride 

co 6-hydrate dissolved therein. This was stirred at 90°C for 0.5 hours. After having been thus processed, the solid residue 
was washed with water. This treatment was repeated once again. Thus was obtained magnesium chloride-processed 
montmorillomte. Next, this was dispersed in 160 ml of an aqueous solution of 6 % HCI, and stirred under reflux for 1 
hour After having been thus processed, this was washed with water through repeated filtration until the filtration wash 
became neutral, and was finally filtered under suction pressure. 

25 [0091 J The resulting clay slurry was dried at room temperature in vacuum for 18 hours. Thus was obtained a chemical- 
treated day The chemical -treated clay had a water content of 15 %. To measure its water content, the dried, chemical- 
treated clay was put into a muffle furnace, heated up to 150°C over a period 30 minutes, and kept at the temperature 
for 1 hour. From the weight loss in the thus heat-treated clay, the water content of the clay was obtained. 

30 (2) Contact with silane compound and organic aluminium: 

[0092] 1 .0 g of the chemical-treated clay A (having a water content of 1 5 % by weight) and 50 ml of toluene were put 
into a Schlenks tube having a capacity of 300 ml to prepare a clay slurry. While the clay slurry was stirred, 0.96 g (3.6 
mmols) of di-n-hexylsilyl dichloride [(CHafCH^skSiCy was gradually and dropwise added thereto over a period of 15 
35 minutes After the addition, this was stirred in a nitrogen stream atmosphere at room temperature for 3 days. Next, this 
was heated at 1 00°C for 1 hour, and then washed twice with 200 ml of toluene. To the resulting slurry, added was 25 ml 
of a toluene solution of triisobutylaluminium (0.5 mols/liter), heated at 100°C for 1 hour, and then washed twice with 200 
ml of toluene. Toluene was added to this to make it have a total volume of 50 ml. Thus was obtained fine clay slurry A. 

40 (3) Contact with transition metal compound: 

[0093] 0.2 ml of a toluene solution of dimethylsilylenebis(2-methyl-4,5-benzoindenyl)zirconium dichloride (1 nmol/ml) 
was added to 5 ml of the clay slurry A at room temperature, and stirred at the temperature for 0.5 hours. Thus was pre- 
pared 5.2 ml of catalyst preparation A. 

45 

(4) Polymerization of propylene: 

[0094] 400 ml of toluene and 1 .0 mmol of triisobutylaluminium were put into a 1 .6 liter autoclave, and heated at 70°C. 
After this was kept at the temperature for 5 minutes, 5.2 ml (containing 0.1 g of clay) of the catalyst preparation A that 
so had been prepared in the previous step (3) was added thereto, and propylene was continuously fed into the autoclave 
to have a pressure of 5 kg/cm 2 , and polymerized for 20 minutes. Next, methanol was added to this to stop the polym- 
erization. The polymer thus produced was taken out through filtration, and dried at 90°C under reduced pressure for 12 
hours. The polymer thus obtained weighed 73 g. The polymerization activity per the catalyst used was 2190 g/g-cata- 
lyst/hr. The activity per the zirconium metal was 1 .2 tons/g-Zr/hr. 

55 
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[Example 13 (production of polypropylene)] 

(1) Modification with silane compound: 

[0095] Silane treatment was effected in the same manner as in (2) in Example 12, except that 11 g (4/I mmols) of 
dicyclohexylsilyl dichloride was used in place of 0.96 g (3.6 mmols) of di-n-hexylsilyl dichlonde [(CH 3 (CH 2 ) 5 ) 2 SiU2]. 
Thus prepared herein was 50 ml of clay slurry B. 

(2) Contact with transition metal compound: 

r00961 0 2 ml of a toluene solution of dimethylsilylenebis(2-methyl-4,5-benzoindenyl)zirconium dichloride (1 pmol/ml) 
was added to 5 ml of the clay slurry B at room temperature, and stirred at the temperature for 0.5 hours. Thus was pre- 
pared 5.2 ml of catalyst preparation B. 

is (3) Polymerization or propylene: 

[0097] Propylene was polymerized for 14 minutes in the same manner as in (4) in Example 12, except that 5.2 ml 
containing 0.1 g of clay) of the catalyst preparation B prepared in the previous step (2) was used. The polymer obtained 
herein weighed 48 g. The polymerization activity per the catalyst used was 2050 g/g-catalyst/hr. The activity per the z.r- 
20 conium metal was 1 .1 tons/g-Zr/hr. 

[Example 14 (production of polypropylene)] 

(1) Contact with silane compound and organic aluminium compound: 

[0098] Silane treatment was effected in the same manner as in (2) in Example 12. except that 13 g (4.3 mmols) of 
dodecylsilyl trichloride (CH^CH^SiCU was used in place of 0.96 g (3.6 mmols) of di-n-hexylsilyl dichloride 
[(CH 3 (CH 2 )5) 2 SiCI 2 ]. Thus prepared herein was 50 ml of day slurry C. 

30 (2) Contact with transition metal compound: 

[0099] 0 2 ml of a toluene solution of dimethylsilylenebis(2-methyl-4,5-benzoindenyl)zirconium dichloride (1 pmol/ml) 
was added to 5 ml of the clay slurry C at room temperature, and stirred at the temperature for 0.5 hours. Thus was pre- 
pared 5.2 ml of catalyst preparation C. 



(3) Polymerization or propylene: 

r0100] Propylene was polymerized for 20 minutes in the same manner as in (4) in Example 12, except that 5.2 ml 
containing 0.1 g of clay) of the catalyst preparation C prepared in the previous step (2) was used. The polymer obtained 
40 herein weighed 51 g. The polymerization activity per the catalyst used was 1530 g/g-catalyst/hr. The activity per the zir- 
conium metal was 0.8 tons/g-Zr/hr. 

[Example 15 (production of polypropylene)] 

45 (1 ) Contact with silane compound and organic aluminium: 

[0101] Silane treatment was effected in the same manner as in (2) in Example 12, except that 10 g (2 4 ^ mmols) . of 
docosylmethylsilyl dichloride [CH 3 (CH 2 ) 21 CH 3 SiCI 2 ] was used in place of 0.96 g (3.6 mmols) of di-n-hexyls.lyl dichloride 
[(CH 3 (CH2)5) 2 SiCI 2 ]. Thus prepared herein was 50 ml of clay slurry D. 

50 

(2) Contact with transition metal compound: 

T0102] 0 2 ml of a toluene solution of dimethylsiiylenebis(2-methyl-4,5-benzoindenyl)zirconium dichloride (1 Mmol/ml) 
was added to 5 ml of the clay slurry D at room temperature, and stirred at the temperature for 0.5 hours. Thus was pre- 
ss pared 5.2 ml of catalyst preparation D. 
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(3) Polymerization or propylene: 

[0103] Propylene was polymerized for 14 minutes in the same manner as in (4) in Example 12, except that 5.2 ml 
(containing 0. 1 g of clay) of the catalyst preparation D prepared in the previous step (2) was used. The polymer obtained 
5 herein weighed 42 g. The polymerization activity per the catalyst used was 1 780 g/g-catalyst/hr. The activity per the zir- 
conium metal was 1 .0 ton/g-Zr/hr. 

[Example 16 (production of polypropylene)] 

w (1) Contact with silane compound and organic aluminium: 

[0104] Silane treatment was effected in the same manner as in (2) in Example 12, except that 1 .1 g (8.5 mmols) of 
dimethylsilyl dichloride [(CH3) 2 SiCI 2 ] was used in place of 0.96 g (3.6 mmols) of di-n-hexylsilyl dichloride 
[(CH 3 (CH 2 )5)2SiCl2]. Thus prepared herein was 50 ml of clay slurry E. 

75 

(2) Contact with transition metal compound: 

[0105] 0.2 ml of a toluene solution of dimethylsilylenebis(2-methyl-4,5-benzoindenyl)zirconium dichloride (1 jimol/ml) 
was added to o nil of the clay slurry E at room temperature, and stirred at the temperature for 0.5 hours. Thus was pre- 
20 pared 5.2 ml of catalyst preparation E. 

(3) Polymerization or propylene: 

[0106] Propylene was polymerized for 30 minutes in the same manner as in (4) in Example 12, except that 5.2 ml 
25 (containing 0. 1 g of clay) of the catalyst preparation E prepared in the previous step (2) was used. The polymer obtained 
herein weighed 65 g. The polymerization activity per the catalyst used was 1300 g/g-catalyst/hr. The activity per the zir- 
conium metal was 0.7 tons/g-Zr/hr. 

[Comparative Example 4 (production of polypropylene)] 

30 

(1) Contact with silane compound and organic aluminium compound: 

[0107] Silane treatment was effected in the same manner as in (2) in Example 12, except that 1 A g (8.2 mmols) of 
tetrachlorosilane [SiCI 4 ] was used in place of 0.96 g (3.6 mmols) of di-n-hexylsilyl dichloride [(CH 3 (CH2)5)2SiCI 2 ]. Thus 
35 prepared herein was 50 ml of clay slurry F. 

(2) Contact with transition metal compound: 

[0108] 0.2 ml of a toluene solution of dimethylsilylenebis(2-methyl-4,5-benzoindenyl)zirconium dichloride (1 ^mol/ml) 
40 was added to 5 ml of the clay slurry F at room temperature, and stirred at the temperature for 0.5 hours. Thus was pre- 
pared 5.2 ml of catalyst preparation F. 

(3) Polymerization or propylene: 

45 [0109] Propylene was polymerized for 30 minutes in the same manner as in (4) in Example 12, except that 5.2 ml 
(containing 0. 1 g of clay) of the catalyst preparation F prepared in the previous step (2) was used. The polymer obtained 
herein weighed 25 g. The polymerization activity per the catalyst used was 500 g/g-catalyst/hr. The activity per the zir- 
conium metal was 0.3 tons/g-Zr/hr. 

so INDUSTRIAL APPLICABILITY 

[0110] In the present invention, a large amount of methylaluminoxane, which is not easy to handle as having poor 
storage stability and being dangerous, is not used, and, in addition, the amount of the organic aluminium to be used in 
the entire polymerization system is much reduced. Therefore, the polymers produced do not contain a large amount of 
55 metallic residues remaining therein, and do not require post treatment. Olefinic polymers and styrenic polymers are 
obtained efficiently and inexpensively according to the invention. 
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Claims 



• ^„«mo f = as claimed in claim 1, which further contains (d) an alkylating 
2. The catalyst for polymerizing olefinic monomers as claimed 

agent. 

an organic aluminum compound. 

,. The cm* » P*-**. °«* - - — * m 3 - "*" " - " (<!) 30 ^ 
agent. 

5 The oatays. to potymeHzing otefWo monomers as darned ,„ an, one of <*ns , to 4. -»e,n M «ne conn- 
pound (c) is represented by a general formula: 

R n S»X 4 . n 

» e The catalyst to. payment oMnfc monomers as claimed in claim 5. .herein n is 1 « 2. 

7 A method for product oiefir* ptfcmem. which atmprfcea hcnwotywizin, or copdiynterizino oie«hio mono- 
mers m the presence ol the catalyst of any one ol dams 1 10 6. 

mers in the presence of the catalyst of any one of claims 1 to 6. 
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